Introduction
The total meat production in Turkey is about 3.1 million tons, 32.6% beef and 67.4% poultry meat, based on the data for 2014. Beef accounts for 87.5% of total red meat production and chicken meat accounts for 93.0% of total poultry production. Turkey is the world's 16th biggest beef producer while it ranks 8th in the production of chicken meat. Turkey exports 18.2% of its total chicken meat production; however, a significant amount of beef has to be imported due to the lack of production in recent years (1,2).
A steady increase in chicken meat production has significantly contributed to consumption. The annual average consumption of chicken meat per year per person increased from 3.65 kg to 19.8 kg (442% increase) in the period of 1994-2014. During the same period, the annual average consumption of beef per year per person rose from 5.38 kg to 11.4 kg (112% increase). Per capita consumption of chicken meat in Turkey exceeds that of the EU average (18.1 kg), whereas per capita consumption of beef is below the EU level. The annual per capita beef consumption is between 35.4 and 55.7 kg in countries such as the US, Brazil, Argentina, and Australia, the leading beef producers (2, 3) .
The most important factor affecting the level of beef consumption is the structure of beef demand. Beef prices and average income of consumers are the two main determinants of beef demand. Akbay et al. (4) found the beef price and income elasticities to be -1.89 and 0.32, respectively. Bilgic and Yen (5) and Armağan and Akbay (6) reported that the price elasticities of demand for beef are -1.59 and -1. 22 , respectively.
The preferences of chicken meat affect the choices of meat consumption since it is the closest substitute for red meat. In Turkey, chicken meat price and income elasticities, -0.32 and 0.08, respectively, are lower than beef price and income elasticities (4) . The most important reason for this is that chicken meat prices (3.32 $/kg) are lower than beef prices (12. 96 $/kg). In 2014, Turkish people consumed beef approximately four times more expensive than chicken meat (3) . In recent years, the increase in beef prices has lead Turkish consumers to shift from beef to chicken meat. However, people cannot give up consuming beef in the long term due to the effect of eating habits. The dynamic nature of consumer preferences and changes in the socioeconomic structure affect food consumption, including beef consumption. Therefore, measuring the level of food consumption in different time periods provides important findings for developing efficient and sustainable production and consumption policies. To analyze the animal food and meat consumption by performing different econometric methods, there are various studies that used time series data in the literature (7) (8) (9) (10) (11) (12) .
Besides the multiple regression approach, there are studies using different approaches to examine the animal food and meat consumption in Turkey. Some of these methods are ARIMA, Bayesian Markov chain Monte Carlo (MCMC), and linear approximation of almost ideal demand system (LA/AIDS), studied by Dağdemir et al. (13) , Hatırlı et al. (14) , Armağan and Akbay (6), Yavuz et al. (15) , and Bilgic and Yen (5). However, none of these studies used the cointegration approach in modeling beef consumption. In the present study, the relationship between beef consumption and beef prices, chicken meat prices, and per capita income for the period of 1994-2014 in Turkey was investigated by performing the ARDL/bounds test method. Further, analyses of variance decomposition and impulse responses were conducted to measure the relative importance of random shocks.
Materials and methods
The theoretical framework of the model used in the current study is based on microeconomic theory (16) . The linear functional form of the model is
where BC is the beef consumption (tons); PB, PC, and INC represent, respectively, the retail price for beef ($/kg), the retail price for chicken meat ($/kg), and per capita income ($). Specifying the consumption function in log-linear form, the following equation is obtained:
It is expected that the signs of the elasticity parameters are and . The annual data used in the study consist of time series from 1994 to 2014. The data set is restricted to this period due to the availability of official data. Data were collected from the sources of TÜİK (3) . All the variables used in the study are presented in Figure 1 . 
where ε t is a disturbance term. The bounds testing procedure, developed by Pesaran et al. (17) , requires the estimation of the following equation, which derives the relationship between beef consumption and its determinants, beef prices, chicken meat prices, and income level, as a conditional autoregressive distributed lag (ARDL):
where LBC is the natural log of beef consumption, LPB is the natural log of beef price, LPC is the natural log of the price for chicken meat, and LINC is the natural log of per capita income. ∆ is the first difference operator. q, p 1 , p 2 , and p 3 are the lag lengths.
The null hypothesis of "no cointegration" in the longrun is H 0 : β 1 = β 2 = β 3 = β 4 = 0. The computed F-statistic is compared with critical values obtained from Pesaran et al. (17) . If the F test statistic falls below the lower bound, there is no cointegration. If the F test statistic is greater than the upper bound, we assume cointegration. On the other hand, if the F-statistic lies between both critical values, the test is inconclusive.
If a long-run relationship among the variables is confirmed, the long-run and short-run elasticity coefficients are estimated by using ARDL restricted error correction models. The long-run relationship model is given in the following equation: where α 5 is the coefficient of the error (or equilibrium) correction term (ECT). The error correction term indicates the speed of adjustment due to any short-run disequilibrium after a shock. A negative and statistically significant error correction term ensures convergence of the dynamics to the long-run equilibrium.
Vector error correction methodology (VECM)
The presence of cointegration between the variables suggests modelling the data by using a VECM, a set of multivariate linear models. The details of the VECM to model beef consumption and related variables are as follows: 
Often, the dynamic features of a VECM are examined by conducting two types of structural analysis, variance decomposition and impulse response function. The variance decomposition analysis describes the proportional contribution in a variable's variance explained by all the variables after a shock given to the system. The impulse response function measures the effect of an impulse in one variable on the other variable in later periods (18) .
Results and discussion

The results of unit root tests
The first step of the analysis is to find the order of integration of time-series variables especially to check that none of the series is I (2) . The results of augmented Dickey-Fuller (ADF) and Philips and Perron (PP) unit root tests are given in Table 1 .
The results of the reported unit root tests show that all series are nonstationary in levels and the null hypothesis of the presence of a unit root at 5% significance level cannot be rejected. The first differences of all series are stationary at 1% significance level except beef consumption (BC), which is nonstationary based on the ADF test but also stationary based on the PP test. Thus, we conclude that all the series are integrated of the same order I(1).
The results of the ARDL/bounds test
The approach ARDL/bounds test is applied in the study. This approach has advantages over the other alternatives, Engle and Granger (19) and Johansen (20, 21) . First, it produces more reliable estimates for small samples than other approaches (22) . Second, it does not require all variables used in the analysis have the same order of integration. It can be used with variables purely I(0) or I(1), or a mixture of both. The only condition is none of the variables are I (2) . Third, integrating the dynamics of short-run and long-run equilibrium an error correction model (ECM) can be derived from the ARDL model (23) . Fourth, it allows variables to assign different lag lengths in the model. Therefore, the ARDL/bounds test approach is applied to investigate the existence of a long-run relationship as well as to estimate the long-run and short-run coefficients. As previously mentioned, the main advantage of preferring the ARDL method over others is reliability of the estimates for small samples. Several studies applied the ARDL/ bounds test methodology with relatively small samples. Pattichis (24) performed the method to model the demand for butter, maize, rice, and milk powder imports in Cyprus using data for the period 1975-1994, 20 annual observations. Mah (25) 19 observations. We applied the ARDL/bounds test with 21 annual observations in the current study.
The second step was the estimation of a basic ARDL model that explains beef consumption in terms of past values of beef consumption as well as the current and past values of the retail price for beef, the retail price for chicken meat, and per capita income level. To determine the lag structure for the regressors in the model, the ARDL (3,3,3,1) model is chosen that minimizes the Schwarz criterion (SC). Table 2 shows the estimates of the selected parsimonious ARDL model specification.
It is important to have statistically desirable parameter estimates for the further steps of the analysis. For this purpose, a number of diagnostic tests were performed for the model. The diagnostic tests results are provided in the bottom panel of Table 2 . The selected ARDL (3,3,3,1) model passes the reported diagnostic tests (autocorrelation, heteroscedasticity, normality and functional form).
In the third step, the estimated ARDL (3,3,3,1) model was used as the basis for applying the bounds test to examine the long-run cointegration relationship among beef and its determinants, the retail price for beef, the retail price for chicken meat, and per capita income. The results of the bounds test are presented in Table 3 . The F-statistic for the ARDL/bounds test is 26.8319, which exceeds all the critical values for the upper bounds. This result leads to rejection of the hypothesis of no longrun relationship. This indicates that there is a long-run equilibrium relationship between beef consumption and other regressors.
In the fourth step, the long-run coefficients of the ARDL model were estimated and are given in Table 4 .
The results indicate that the signs of the elasticity parameters are consistent with economic theory. The results of the error-correction estimation are displayed in Table 5 . The error-correction term, ECT t-1 , is negative (-0.26) and statistically significant at 1% level. Specifically, this term implies that nearly 26% of any disequilibrium level of beef consumption during the previous period will be adjusted in the current period. In other words, it takes about 4 years to attain the long-run equilibrium level. Finally, the cumulative sum (CUSUM) and the cumulative sum of squares (CUSUMSQ) of the standardized recursive residuals are used to check the stability of the ARDL error-correction model as proposed by Brown et al. (27) . The plots of both CUSUM and CUSUMSQ statistics are provided in Figures 2a and 2b . The results of the CUSUM and CUSUMSQ tests suggest that the residual variance is somewhat stable since the cumulative sum and cumulative sum of squares are generally within the 5% significance lines.
After examining a cointegrating relationship between beef consumption and beef prices, chicken meat prices, and per capita income level, the analyses of variance decomposition and impulse responses were conducted to measure the relative importance of random shocks (or innovations) by fitting a parsimonious vector error correction model (VECM).
The results of structural analyses
The results of variance decomposition over the 10-year horizons are reported in Table 6 . The variance decomposition of beef consumption indicates that in the initial period beef consumption explains 100% of its own variation. In the second year of the period, a 66.92% portion of beef consumption is explained by its own innovations, whereas beef prices, chicken meat prices, and per capita income contribute to 24.03%, 6.85%, and 2.15%, respectively. In the long run, in the 10-year period, beef prices solely contribute to over 66% of beef consumption error variance for Turkey followed by 4.90% of per capita income and 3.91% of chicken meat prices. In the initial period, a 51.39% portion of beef prices is explained by its own innovations in addition to the contribution of beef consumption, which is 48.60%. In the long run, beef consumption, chicken meat prices, and income level contribute to beef prices by 18.95%, 13%, and 0.19%, respectively. The results also indicate that a 30.5% portion of chicken meat prices is explained by its own innovations whereas the contributions of beef consumption, beef prices, and the per capita income level are 4.17%, 64.44%, and 0.87%, respectively. The results of the impulse response function are illustrated in Figure 3 . Beef consumption responds negatively to a shock in beef prices with the impact increasing over the years. In contrast, beef consumption responds positively due to a shock in the prices of chicken meat, increasing from the first to the second year and then remaining almost the same for other periods. Additionally, beef consumption responds positively to a shock in the per capita income level.
Conclusion
This study aimed to examine the effect of the retail prices of beef, the retail prices of chicken meat, and per capita income on beef consumption for the short run and long run in Turkey over the period of 1994-2014. The ARDL/ bounds test methodology was performed to determine whether there is a cointegration relationship between the selected variables. Moreover, the error correction model was estimated to seek the short-run relationship among the related variables. Additionally, the analyses of variance decomposition and impulse response were conducted to examine the short-term and long-term impacts of the beef prices, chicken meat prices, and income level on beef consumption.
The results of the bounds test indicate that there exists a long-run equilibrium relationship between beef consumption and its determinants. The signs of all the long-run coefficients are consistent with economic theory and they are all statistically significant. Chicken meat prices and the income level of people have a positive effect on beef consumption, whereas beef prices have a negative effect. Having a statistically negative error correction term is another piece of evidence of a certain return to the long-run equilibrium of the variables. The results of variance decomposition reveal that the share of beef prices in explaining beef consumption is large. Beef prices have short-term and long-term impacts on beef consumption. It is also argued that beef prices are the most important variable in explaining beef consumption in the short run and long run among the selected variables. While chicken prices have decreasing impact, income level has increasing impact on beef consumption in the long run. The results of the impulse response function are also consistent with the theory. The findings suggest that beef consumption is sensitive to beef prices and responds negatively to a shock in beef prices. However, the shocks of chicken meat prices and income lead to positive responses following a pattern that continues over the years.
There has been a long ongoing debate about the high price of beef for consumers in Turkey lasting years. The empirical findings of the current study will assist policymakers in dealing with this issue. Since it is detected that beef prices have the greatest effect on beef consumption, the main goal should be to improve the supply chain linkages within the country. In recent years, importing live animals and beef in order to prevent an increase in beef prices can be expected to provide a solution in the short term. However, this will lead to a decrease in domestic production in the long term and increased dependence on foreign red meat. Therefore, policies should be implemented to increase domestic production.
To do so, incentives given to livestock producers should be increased. Always at a disadvantage compared with the large-scale producers in terms of higher costs, the small-scale livestock producers should be supported with efficient and sustainable programs. Additionally, forage crop production should also be promoted and subsidized to ensure low costs for producers. 
